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157] ABSTRACT

A wire bonding method comprising the steps of (a) discon-
necting a first wire which 1s bonded on a first pad which is
provided on a substrate, (b) forming a second pad on the first
pad, and (c) bonding a second wire on the second pad, so that
the second wire 1s electrically connected to the first pad. The
step (a) may completely remove the first wire from the first
pad, and the step (b) may form the second pad at least on a
top surtace of the first pad including a part which is damaged
by the removal of the first wire. On the other hand, the step
(@) may cut the first wire so that a tip end of the first wire
remains bonded on the first pad, and the step (b) may form
the second pad at least on a top surface of the first pad so as
to completely cover the remaining tip end of the first wire.

10 Claims, 8 Drawing Sheets
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SEMICONDUCTOR DEVICE HAVING
REFORMED PAD

This application is a continuation of application Ser. No.
07/947,482 filed Sep. 21, 1992, now abandoned.

BACKGROUND OF THE INVENTION

The present invention generally relates to wire bonding
methods and semiconductor devices produced using the wire
bonding methods, and more particularly to a wire bonding
method which disconnects a wire which is once bonded to
a pad on a substrate and newly bonds another wire on the pad
and to a semiconductor device which is subjected to such a
wire bonding process and has a reformed pad.

FIG. 1 shows an example of a substrate on which elec-
tromc parts such as semiconductor elements are mounted.
For example, a substrate 1 is made of a ceramic material, and
bonding pads 22 are provided on a surface 1A of the
substrate 1. An electronic part 20 is mounted on the substrate
1 by fixing input/output pins 21 of the electronic part 20 on
the bonding pads 22. On the other hand, a draw-out pad 2A
18 connected to the bonding pad 22, and surface pattern 23
1s provided between the draw-out pad 2A and an inner layer
pattern 24. Signals input/output with respect to the input/
output pin 21 are transferred via the inner layer pattern 24,

the surface pattern 23, the draw-out pad 2A and the bonding
pads 22.

The signals which are input/output with respect to the
input/output pins 21 may be changed if a modification is
made 1n a circuit network formed in the electronic part 20.
In such a case, a modification is made to change the
connections so as to switch the signals which are input/
output with respect to the input/output pins 21. Generally,
such the modification is made by providing a wire 4-2
between a draw-out pad 2A and a relay pad 2B which is
already connected to a wire 4-1, and a predetermined part of
the surface pattern 23 is cut so that another signal is

Input/output with respect to the input/output pin 21 via the
wire 4-2.

The wire 4-2 may be removed by a further modification,
and still another signal may be input/output with respect to
the 1nput/output pin 21 by newly providing a wire 5-1 as
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indicated by a dotted line in FIG. 1. In this case, the wire 4-2

which 1s already bonded to the draw-out pad 2A is removed,
and the wire 3-1 is newly bonded to the draw-out pad 2A.

However, the connections of the draw-out pad 2A and the
relay pad 2B with the wires 4-1, 4-2 and 5-1 are normally
made by a wire bonding which requires heating. As a result,
a thermal stress 1s introduced in the substrate 1 when the
connections of the plurality of wires 4-1, 4-2 and 5-1 are
changed. For this reason, it is desirable that the wire bonding

1s made using minimum heating with respect to the substrate
1.

Conventionally, a reflow bonding process is carried out as
shown in FIG. 2 (a), (b) and (¢).

As shown in FIG. 2 (a), a pad 2 which corresponds to the
draw-out pad 2A and the relay pad 2B described above is
formed on the surface 1A of the substrate 1. The pad 2 is
made up of a conductor material 2-1 such as copper, and a
gold plating layer 2—2 which covers the conductor material
2-1. For example, the pad 2 has a thickness of approximately
20 to 30 um and a size of approximately 250 pmx250 pm.
A first wire 4 which corresponds to the wires 4-1 and 4-2
described above is bonded to the pad 2.

The first wire 4 1s made of a gold line having a diameter
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of approximately 50 to 60 um or, a gold plated copper line.
The first wire 4 is bonded to the pad 2 as shown in FIG. 3.

As shown in FIG. 3, a bonding chip 32 which is provided
on an arm 31 vibrated by a vibrating mechanism 30 makes
contact with the first wire 4 at a bonding part 35 where the
first wire 4 rests on the pad 2. The bonding part 35 is pushed
by the bonding chip 32 with a predetermined pressure P, and
a laser beam 33 which is converged by an optical lens 34 is
irradiated on the bonding part 35. Hence, the bonding part 35

1s vibrated and heated, so that the first wirec 4 is bonded to
the pad 2 by diffusion bonding.

When a second wire 5 which corresponds to the wire 5-1
described above needs to be newly connected to the pad 1,
an external force is applied on the first wire 4 in a direction
C 1n FIG. 2 (b) so as to disconnect the first wire 4 from the
pad 2. Thereafter, the second wire 5 is bonded to the pad 2

similarly as when the first wire 4 is bonded to the pad 2, as
shown in FIG. 2 (¢).

However, when disconnecting the wire 4 from the pad 2,
the surface of the pad 2 becomes damaged.-at a part B shown
in FIG. 2 (b). For this reasen, when bonding the second wire
S to the pad 2 having the damaged surface, there was a
problem 1in that the second wire 5 may not be satisfactorily
connected to the pad 2. In other words, the second wire 5
may easily disconnect from the pad 2 after the bonding, and
In exireme cases, it may be impossible to satisfactorily bond
the second wire 5 on the damaged surface of the pad 2. In
such exireme cases, it was conventionally necessary to
remove the pad 2 in its entirety and thereafter form a new
pad so that the second wire 5 may be positively bonded on
the new pad. But the removal of the pad 2 and the formation
of the new pad in place of the pad 2 required troublesome

operations which must be carried out by a skilled person,
and the production yield was poor.

SUMMARY OF THE INVENTION

Accordingly, it is a general object of the present invention
to provide a novel and useful wire bonding method and a
semiconductor device produced using the wire bonding

method, in which the problems described above are elimi-
nated.

Another and more specific object of the present invention
1s to provide a wire bonding method comprising the steps of
(a) disconnecting a first wire which is bonded on a first pad
which 1is provided on a substrate, (b) forming a second pad
on the first pad, and (c) bonding a second wire on the second
pad, so that the second wire is electrically connected to the
first pad. According to the wire bonding method of the
present invention, it is unnecessary to completely remove
the first pad in order to bond the second wire in place of the
first wire. Further, because the second wire is bonded on the
second pad which includes no damaged surface, it is pos-
sible to positively bond the second wire on the second pad.

Still another object of the present invention is to provide
the wire bonding method described above wherein the step
(a) cuts the first wire so that a tip end of the first wire remains
bonded on the first pad, and the step (b) forms the second
pad at least on a top surface of the first pad so as to
completely cover the remaining tip end of the first wire.
According to the wire bonding method of the present
invention, it i unnecessary to completely remove the first
wire from the first pad. In addition, compared to completely
removing the first wire from the first pad, simply cutting the

first wire does not require the skills of an experienced
pErson.
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A further object of the present invention 1s to provide a
semiconductor device comprising a substrate, a first pad
provided on the substrate and having a top surface which
includes a damaged part caused by removal of a first wire
originally bonded on the top surface of the first pad, a second
pad formed on at least the top surface of the first pad and
clectrically connected to the first pad, and a second wire
which 1s bonded on the second pad.

Another object of the present invention 1s to provide a
semiconductor device comprising a substrate, a first pad
provided on the substrate and having a top surface, a wire
portion bonded on the top surface of the first pad, the wire
portion being a portion of a first wire which is originally
bonded on the top surface of the first pad, a second pad
formed on at least the top surface of the first pad and
completely covering the wire portion so that the second pad

is electrically connected to the first pad, and a second wire

which 1s bonded on the second pad.

Other objects and further features of the present invention
will be apparent from the following detailed description
when read in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a perspective view showing an example of a
conventional semiconductor device;

FIGS. 2(a)-2(c) are cross sectional views for explaining
a conventional reflow bonding process;

FIG. 3 1s a diagram for explaining a conventional process
of bonding a wire on a pad;

FIGS. 4(a)-4(b) are cross sectional views for explaining
a first aspect of the present invention;

FIGS. S(a)-5(b) cross sectional views for explaining a
second aspect of the present invention;

FIGS. 6(a)-6(b6) are cross sectional views for explaining
a first embodiment of a wire bonding method according to
the present invention;

FIGS. 7(a)-7(b6) are cross sectional views for explaining
a second embodiment of the wire bonding method according
to the present invention; and

FIG. 8 is a cross sectional view for explaining a third

embodiment of the wire bonding method according to the
present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

First, a description will be given of a first aspect of the
present invention, by referring to FIG. 4.

As shown 1n FIG. 4 (a), a first pad 2 is provided on a
surface 1A of a substrate 1, and a first wire 4 is initially
bonded on the first pad 2. This first wire 4 is cut, and a tip
end 4A of the first wire 4 remains bonded on the first pad 2.
In this state, a second pad 3 is formed on top of the tip end
4A, so as to make electrical contact with the first pad 2. The
second pad 3 makes contact with the top surface of the first
pad 2 in FIG. 4 (a), but may also make contact with side
surfaces of the first pad 2. A second wire 3 1s newly bonded
on the second pad 3 by diffusion bonding.

The second pad 3 may be formed as shown in FIG. 4 (b).
That 1s, a bump 10 is formed on the first pad 2 so as to cover
the tip end 4A of the first wire 4. Then, the bump 10 is heated
as indicated by T and subjected to pressure as indicated by
P by a punch 12 which has a fiat surface 11.

Next, a description will be given of a second aspect of the
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present invention, by referring to FIG. 5.

As shown 1n FIG. 3 (a), a first pad 2 1s provided on a
surface 1A of a substrate 1, and a first wire 4 is initially
bonded on the first pad 2. This first wire 4 is cut, and a tip
end 4A of the first wire 4 remains bonded on the first pad 2.
In this state, a second pad 6 is formed on top of the tip end
4A via a solder 7, so as to make electrical contact with the
first pad 2. The solder 7 makes contact with the top surface

of the first pad 2 in FIG. 3 (a), but may also make contact
with side surfaces of the first pad 2. A second wire 3 is newly
bonded on the second pad 6 by diffusion bonding.

The second pad 6 may be formed as shown in FIG. 5 (b).
That is, the solder 7 1s melted so as to cover the tip end 4A

of the first wire 4 on the first pad 2, and the second pad 6 is

provided on the solder 7 and pushed in a predetermined
direction A so as to maintain a horizontal position. The
second pad 6 is formed as shown in FIG. 5 (a) when the
solder 7 hardens.

According to the first and second aspects of the present
invention, there 1s no need to remove the first wire 4 and it
1§ simply necessary to cut the first wire 4. The tip end 4A of
the first wire 4 may remain on the first pad 2. Because the
second wire 5 is bonded on the second pad 3 or 6 which is
formed on the first pad 2 over the tip end 4A, it is possible
to positively bond the second wire 5 on the second pad 3 or
6 and the reliability of the connection is improved. Further,
there 1s no need to remove the first pad 2 before newly
bonding the second wire 3.

Of course, according to a third aspect of the present
invention, it is possible to completely remove the first wire
4 on the first pad 2 before forming the second pad 3 or 6. In
this case, although the top surface of the first pad 2 becomes
damaged as described above in conjunction with FIG. 2 (b),
the second wire 5 can be bonded satisfactorily on the second
pad 3 or 6 which is newly formed on the damaged first pad
2. Compared to cutting the first wire 4, it may be necessary
to rely on a skilled person to completely remove the first
wire 4 without damaging other parts of the semiconductor
device, but there 1s no need to remove the first pad 2 before
newly bonding the second wire 5.

Next, a description will be given of a first embodiment of
a wire bonding method according to the present invention,
by referning to FIG. 6. This embodiment of the wire bonding
method produces a first embodiment of a semiconductor
device according to the present invention. In FIG. 6, those
parts which are the same as those corresponding parts in
FIG. 4 are designated by the same reference numerals, and
a description thereof will be omitted.

The first embodiment of the semiconductor device
according to the present invention has a pad structure shown
in FIG. 6 (a). In FIG. 6 (a), the first pad 2 is provided on the
surface 1A of the substrate 1A by forming a gold plating
layer 2—2 on a conductor material 2—2 such as copper. The
tip end 4A of the first wire 4 remains bonded on the surface
of the first pad 2, and the second pad 3 covers the tip end 4A
and makes electrical contact with the first pad 2. The second
wire 35 1s newly bonded on the surface of the second pad 3
by diffusion bonding.

According to this embodiment of the method, the first
wire 4 is cut as shown in FIG. 6 (1) when the first wire 4
which i1s bonded on the first pad 2 1s to be switched to the
second wire 3. By cutting the first wire 4, the tip end 4A
remains bonded on the first pad 2.

Then, the bump 10 which is formed by melting gold by a
hand bump tool 13 as shown in FIG. 6 (b2), and as a result,
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the bump 10 1s formed on the first pad 2 on which the tip end
4A of the first wire 4 remains as shown in FIG. 6 (b3).

Next, as shown in FIG. 6 (44), the bump 10 on the first
pad 2 is pressed by the flat surface of the punch 12 and
heated. For example, the heating temperature T is approxi-
mately 250° C. and the pressure P applied by the punch 12
is approximately 5000 to 15000 g/mm?, so that the bump 10
i1s suificiently spread and the surface of the bump 10
pecomes smooth. By spreading the bump 10 in this manner,
the second pad 2 which is formed by the spread bump 10
covers the tip end 4A as shown in FIG. 6 (65).

Finally, as shown in FIG. 6 (b6), the tip end of the second
wire 3 is positioned on the surface of the second pad 3, and
the second wire 5 1s bonded on the second pad 2 by diffusion

bonding using the bonding chip 32 described above, for
exampie.

Next, a description will be given of a second embodiment
of the wire bonding method according to the present inven-
tion, by referring to FIG. 7. This embodiment of the wire
bonding method produces a second embodiment of the
semiconductor device according to the present invention. In
FI1G. 7, those parts which are the same as those correspond-

ing parts in FIG. 5 are designated by the same reference
numerals, and a description thereof will be omitted.

The second embodiment of the semiconductor device
according to the present invention has a pad structure shown
in FI1G. 7 (a). In FIG. 7 (a), the first pad 2 is provided on the
surface 1A of the substrate 1A by forming a gold plating
layer 2—2 on a conductor material 2—2 such as copper. The
tip end 4A of the first wire 4 remains bonded on the surface
of the first pad 2, and the second pad 6 covers the tip end 4A
and makes elecirical contact with the first pad 2 via the
soider 7. The second wire 5 is newly bonded on the surface
of the second pad 6 by difiusion bonding.

According to this embodiment of the method, the first
wire 4 1s cut as shown in FIG. 7 (b1) when the first wire 4
which 1s bonded on the first pad 2 is to be switched to the
second wire 5. By cutting the first wire 4, the tip end 4A
remains bonded on the first pad 2.

Then, a solder ball 7A 1s provided on the tip end 4A as
shown 1n FIG. 7 (b2), and the solder ball 7A 1s melted as
shown in FIG. 7 (b3). In this case, by using the solder ball
7A which includes indium or the like, it becomes possible to
lower the melting temperature of the solder ball 7A to
approximately 120° C.

Thereatter, as shown 1n FiG. 7 (64), the second pad 6 is
placed on the melted solder ball 7A and the second pad 6 1s
pushed 1in the direction A. For example, the second pad 6
may be made of a conductor material plate which 1s gold
plated on the outer periphery thereof, that is, the second pad
6 may have the same construction as the first pad 2. In this
state, the melted solder ball 7A is hardened so that the
second pad 6 becomes electrically connected to the first pad
2 via the solder 7 as shown in FIG. 7 (b5).

Finally, as shown in FIG. 7 (b6), the tip end of the second
~wire S 18 positioned on the surface of the second pad 6, and
the second wire 5 is bonded on the second pad 6 by diffusion

bonding using the bonding chip 32 described above, for
example.

In this embodiment, the second pad 6 is fixed on the first
pad 2 via the solder 7. Hence, compared to the first embodi-
ment of the method, 1t is possible to reduce both the heating
temperature T and the pressure P to be applied on the second
pad 6. As a result, it is possible to further reduce the
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undesirable eftects of the heating and pressing processes on
the substrate 1.

In the first and second embodiments of the method, the
heating process may be realized by various methods.
Examples of such methods are the method which uses a
semiconductor laser, the method which blows a nitrogen gas
and the method which heats the entire substrate using
fluorine or the like.

In the first and second embodiments of the method, the
first wire 4 is cut and the second pad 3 or 6 is formed on the
tip end 4A which remains bonded on the first pad 2.

However, it is possible to form a second pad after removing
the tip end 4A or the first wire 4.

FIG. 8 shows the pad structure of a third embodiment of
the semiconductor device according to the present invention
which is produced by a third embodiment of the wire
bonding method according to the present invention. In FIG.
8, those parts which are the same as those corresponding
paris in FIGS. 6 and 7 are designated by the same reference
numerais, and a description thereoi will be omitted.

When the tip end 4A or the first wire 4 is completely
removed {rom the first pad 2, the surface of the first pad 2
becomes damaged as described above in conjunction with
FIG. 2 (b). In FIG. 8, a damaged part 40 corresponds to the
surface damage introduced on the surface of the first pad 2
at the part B in FIG. 2 (b). In this third embodiment of the
method, a second pad 36 is formed on the surface of the first
pad 2 which includes the damaged part 40, and the second
wire 5 is bonded on the surface of the second pad 36. This
second pad 36 may have the structure shown in FIG. 6 or 7.
In other words, the second pad 36 may be formed in the
same manner as in the case of the first or second embodi-
ment of the method described above. If the structure shown
in FIG. 6 1s employed for the second pad 36, the second pad
36 1s formed by the second pad 3. On the other hand, if the
structure shown 1n FIG. 7 1s employed for the second pad 36,

the second pad 36 is formed by the solder 7 and the second
pad 6.

Further, the present invention is not limited to these
embodiments, but various variations and modifications may
be made without departing from the scope of the present
invention.

What 1s claimed 1is:

1. A semiconductor device, comprising:

a substrate;

a first pad provided on the substrate and having a top
surface which includes a part damaged by removal of

a first wire originally bonded on the top surface of the
first pad;

a second pad formed on at least the top surface of the first
pad subsequent to damage of said part of said first pad
damaged by said removal of the first wire, and said
second pad being electrically connected to the first pad;
and

a second wire which is bonded on the second pad;

wherein the first pad includes a conductor material, and a

metal layer which is plated on the conductor material at
least at the top surface of the first pad.
2. A semiconductor device, comprising:

a substrate;

a first pad provided on the substrate and having a top
surface which includes a part damaged by removal of
a first wire onginally bonded on the top surface of the
first pad;
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a second pad formed on at least the top surface of the first
pad subsequent to damage of said part of said first pad
damaged by said removal of the first wire, and said

second pad being electrically connected to the first pad;
and

a second wire which 1s bonded on the second pad;

wherein said second pad is made up of a pressed bump.
3. A semiconductor device, comprising:

a substrate:

a first pad provided on the substrate and having a top
surface which includes a part damaged by removal of

a first wire originally bonded on the top surface of the
first pad;

a second pad formed on at least the top surface of the first
pad subsequent to damage of said part of said first pad
damaged by said removal of the first wire, and said
second pad being electrically connected to the first pad;
and

a second wire which is bonded on the second pad;

wherein said second pad is made up of a solder and a

conductor material plate which is press fixed on the
solder.

4. A semiconductor device comprising:
a substrate;

a first pad provided on the substrate and having a top
surface;

a wire portion bonded on the top surface of said first pad,
said wire portion being a portion of a first wire which
18 originally bonded on the top surface of the first pad;

a second pad formed on at least the top surface of the first
pad and completely covering said wire portion so that
the second pad is electrically connected to the first pad;
and

a second wire which is bonded on the second pad.

5. The semiconductor device as claimed in claim 4,
wherein the first pad includes a conductor material, and a
metal layer which 1s plated on the conductor material at least
at the top surface of the first pad.

6. The semiconductor device as claimed in claim 4,
wherein said second pad is made up of a pressed bump.

7. The semiconductor device as claimed in claim 4,
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wherein said second pad is made up of a solder and a
conductor material plate which is press fixed on the solder.

8. A semiconductor device, comprising:
a substrate;

a first pad provided on the substrate and having a top
surface which includes a damaged part caused by
removal of a first wire originally bonded on the top
surface of the first pad;

a second pad formed on at least the top surface of the first
pad subsequent to damage of said part of said first pad
damaged by said removal of the first wire, said second
pad being electrically connected to the first pad so as to
cure damage of said part of said first pad damaged by
said removal of the first wire; and

a second wire which is bonded on the second pad.
9. A semiconductor device comprising:

a substrate;

a first pad provided on the substrate and having a top
surface which 1s made of a conductor, said top surface
including a part damaged by removal of a first wire
originally bonded on the top surface of the first pad;

a second pad made of a conductor and provided on the top
surface of the first pad subsequent to damage of said
part of said first pad damaged by said removal of the
first wire, said second pad having a bottom surface with
an area, said bottom surface of the second pad making
direct contact with the top surface of the first pad for an

area which 1s approximately the same as the area of the
bottom surface of the second pad; and

a second wire which 1s bonded on the second pad.
10. The semiconductor device as claimed in claim 9,

wherein said first pad comprises:

a conductor part made of a conductor material and having
a top; and

a metal film provided on at least the top of said conductor
part,

said top surface of the first pad being formed by said metal
film,
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